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The main goal of this thesis was to explain in general how Long-Term Evolution operates 
and multilayer radio network functions with 700 MHz Frequency. The thesis is based on a 
field measurement that was measured in November 2017. The main point was to analyze 
the network mobility between 700 MHz and 800 MHz frequencies and different radio net-
work technologies. 
 
As a conclusion the lately released 700 MHz Frequency did not bring any extra value to the 
Long-Term Evolution network. The 700 MHz can be integrated into multilayer network with-
out any major problems with the mobility and it does work as a “backup” for the LTE 800 
MHz layer. From the spectrum point of view the new narrowband 700 MHz does not bring 
any new possibilities as the bandwidth size equals to already deployed 800 MHz Frequency-
cy. 
 
In the future 700 MHz frequency could be used as a part of the new 5G technology net-
works. Currently there is none noteworthy lower narrowband frequencies available for 5G 
usage. 
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Opinnäytetyön tavoitteena oli 700 MHz:n taajuuden testaaminen osana monitasoista ra-
dioverkkoa. Päätavoitteena oli tutkia Long-Term Evolution (LTE) -verkon toimintaa ja 
kuinka monitasoinen radioverkko operoi vastikään vapautetun 700 MHz:n taajuuden 
kanssa. Työ̈ pohjautuu marraskuussa 2017 tehtyyn kenttä mittaukseen, joka suoritettiin 
alueella, jolla liikkuvuutta kyettiin testaamaan riittävän laajasti. Päätarkoitus oli analysoida 
verkon mobiliteettia uuden 700 MHz:n taajuuden ja jo aiemmin käyttöönotetun 800 MHz:n 
taajuuden välillä. Mittaus reitillä̈ oli myös tukiasemia, joissa oli muita taajuuksia ja radio-
verkkoteknologioita tukevia radiolaitteita. Tällä̈ pystyttiin varmistumaan siitä, että̈ mobili-
teetti toimi myös yhden pienen alueen ulkopuolella ja vaihtelevuutta syntyi. 
 
Yhteenvetona vasta osittain vapautettu 700 MHz:n taajuus ei tuonut merkittävää̈ lisäarvoa 
monitasoiselle radioverkolle. Uusi 700 MHz:n taajuus voidaan integroida osaksi koko verk-
koa ilman, että̈ suurempia ongelmia mobiliteetin kanssa syntyy. Osaltaan voidaan todeta, 
että̈ 700 MHz:n taajuus toimii myös tavallansa varmistuksena 800 MHz:n taajuudelle. 
 
Tulevaisuudessa 700 MHz:n taajuutta voitaisiin mahdollisesti hyödyntää̈ osana tulevaa 
5G-teknologiaa hyödyntäviä̈ verkkoja, sillä tällä̈ hetkellä̈ käyttökelpoisia alempia taajuuksia 
on vähäisesti tarjolla operaattoreille. Myös yhtenä̈ tutkimisen aiheena voisi olla 700 MHz:n 
ja 800 MHz:n Carrier Aggregation -yhdistelmä, jolloin alempia taajuuksia voitaisiin mah-
dollisesti hyödyntää̈ laajemmin LTE-verkossa. 
Avainsanat LTE, mobiliteetti, radioverkko, 700 MHz 
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List of Abbreviations 
3GPP 3rd Generation partnership project 
CA Carrier Aggregation 
CC Component Carrier 
dB Unit of measurement  
dBm Decibel-milliwatts 
EPC Evolved packet core 
E-UTRA Evolved Universal Terrestrial Radio Access 
FDD Frequency-division duplex 
GSM Global System for Mobile Communications 
HLR Home location register 
HSS Home subscriber server 
IP Internet protocol  
ISI Inter symbol interference 
LTE Long-Term Evolution  
MHz Megahertz expresses measurements of bandwidth for signals 
MIMO Multiple-input multiple-output for transmitting more than one data signal 
simultaneously 
MME Mobile Management Entity a vital part of EPC core network 
  
OFDM Orthogonal frequency-division multiplexing is a signal modulation that di-
vides high data rate using slow modulated narrowband subcarriers 
PDSCH Physical downlink shared channel 
P-GW Packet data network gateway 
PIM Passive intermodulation 
PUSCH Physical uplink shared channel 
RAN Radio access network 
RAT Radio access technology 
RB Resource Block 
RSRP Reference signal received power 
RSRQ Reference signal received quality 
RSSI Received signal strength indication 
S-GW Serving gateway 
SMS Short Message Service  
TDD Time-division duplex 
UE User equipment a mobile device 
UMTS Universal Mobile Telecommunications Service 
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1 Introduction 
Finland is one of the countries in the world where cellular data is used in high volumes. 
Government held an auction of 700 MHz spectrum for mobile operators at 2016. Opera-
tors were able to use the new frequency band from the beginning of 2017. Operator has 
the upper frequency pair bands 723 - 728 / 778 - 783 MHz and 728 – 733 / 783 -788 
MHz. The new 700 MHz frequency band was partly released from TV broadcasting to 
cellular usage providing more capacity to operators. 
The goal of this thesis was to explain how 4th generation Long Term Evolution – LTE 
operates in general and how the multilayer radio network functions with the narrowband 
700 MHz frequency integrated into it. The field measurement examined the mobility and 
throughput between different frequencies and radio access technologies with an analyz-
ing tool and two mobile devices. In this field measurement the operator had a certain 
area deployed with LTE 700 MHz, 800 MHz, 1800 MHz Carrier Aggregation and UMTS 
900 MHz. 
Long Term Evolution has enabled high transfer rates and moderate latencies resulting 
in simplified network architecture. The idea of using LTE 700 MHz is that it increases the 
coverage thus does not overtake the previously deployed 800 MHz frequency. After all 
the aim is to offer stable connectivity and solid coverage to every device connected to 
the network. 
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2 Long-Term Evolution 
Third generation (3G), the Universal Mobile Telecommunications System (UMTS) has 
come to an end in technology, which is why the new technology Long Term Evolution 
was designed. Even if LTE is preferred as a high-speed technology in high traffic areas 
it can still provide slower throughput to end users than previous 3G. With correct load 
balancing on high traffic areas it is possible to get all the benefits LTE was designed to 
provide. That to be said coverage is not the only major matter when rolling out new tech-
nologies. This thesis is based on measurements where coexistence of 700 and 800 MHz 
LTE frequencies and handovers were tested. New lower band 700 MHz is currently on 
test basis and has brought problems with benefits in deployment. 
2.1 Design Principles 
Long Term Evolution technology has enabled higher transfer rates and shorter delays 
compared to 3G technology. The design targets for LTE resulted in simplified network 
architecture and thus lowering delays. LTE technology has many advantages although 
the cellular network is still dependent on previous circuit switched based technologies. 
LTE uses for downlink transmission Orthogonal Frequency-division multiplexing modu-
lation (OFDM), transmitting the data over multiple narrowband carriers. High speed data 
rates beyond 100 Mbit/s can be achieved under 20 MHz carrier band width. Multiple Input 
Multiple Output (MIMO) antenna technology enables high throughput and improves the 
performance. 
Compared to previous technologies one of the major changes in this technology is the 
adoption of internet protocol (IP). Previous 3G technology used classic circuit-switched 
packet core network for various services, while LTE relies on an IP-based core generat-
ing a simplified integrity. Only exception is Short Messaging Service (SMS). There are a 
few ways to implement short messaging into LTE. The first and simplest solution is to 
implement IP Multimedia Subsystem (IMS), to enable delivery of IP multimedia services. 
Other solution is SG LTE, which carries the message over a control channel without the 
need to use a data channel. [1]. 
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2.2 Network Architecture 
As mentioned above Long-Term Evolution is based on Internet Protocol (IP) to support 
only packet-switched services. The core network consists of three main network ele-
ments interconnecting with each other. The network architecture was introduced by 
3GPP in Release 8 having a simple architecture to process data, lessening costs and 
increasing performance. LTE offers lower latencies compared to previous generation 
technology also enabling higher throughput to end users. 
Figure 1. Evolved Packet Core (EPS) [2 pp. 2-3]. 
Figure 1 illustrates the core network which consist of multiple different elements providing 
stable wireless network entity. Mobility Management Entity supports S1-MME interface 
with eNodeB and is responsible for paging and authentication procedure of the mobile 
device (UE). MME stores location data for each user connected and selects the correct 
gateway during registration. Core network can consist multiple MME grouped together 
to share the load in the network. During handover process MME has a crucial role in 
signaling between different technologies such as GSM and UMTS. The database Home 
Subscriber Server (HSS) contains user- and subscriber-related data, providing support 
for MME, calls, user authentication and authorization using S6a interface. HSS is based 
on previous home location register (HLR) which was used in previous releases in differ-
ent technologies. Serving gateway (S-GW) connects with the user plane transporting 
data between mobile user equipment and the internet. Serving gateway is the border 
making interconnections between radio access network (RAN) and the evolved packet 
core (EPC). P-GW also known as the PDN Gateway is the link between user equipment 
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and other services that are in an external packet network. Gateway allocates IP-ad-
dresses to multiple users depending on the services used. One of the most important 
task for P-GW is to work as a link between 3GPP and non-3GPP networks. [3]. 
2.3 Bandwidth allocation 
Long term evolution mobile networks in Finland are mainly built up using frequencies 
700/800/1800 and 2600 MHz [4, pp. 106-135]. Lower bands have better penetration 
which means it passes walls with less attenuation. Bandwidth scalability in Long Term 
Evolution is up to 20MHz with Orthogonal frequency-division multiplexing. High band-
width configuration improves performance compared to smaller configurations such as 
1.4MHz, 3MHz, 5MHz, 10MHz or 15MHz. Wider bandwidth offers more Resource Blocks 
(RB) for transmissions. Resource block in LTE is related to channel bandwidth and one 
RB is 180 KHz and a 20MHz LTE configuration has approximately 100 Resource Blocks 
in use. Channel bandwidth of 20MHz has occupied 18MHz bandwidth having the total 
number of Sub carriers 1200 and Resource Blocks 100. [5, pp. 250]. 
In Finland LTE has 1.4, 3, 5, 15, 10, 20MHz bandwidth scalability supporting paired Fre-
quency-Division duplex (FDD) and unpaired Time-Division duplex (TDD) spectrum. Net-
work deployment with high bandwidth raises the end user throughput though lower band-
width configuration lowers operating costs providing cost efficiency in deployment pro-
cess. 700 MHz frequency is divided into multiple different blocks starting from 698 and 
ending to 791 MHz. Cellular networks consider 733-736, 738-753, 753-758, 788-791 
sub-bands. Operator has wireless paired frequency block starting from 723-728 / 778-
783 and 728-733 / 783 MHz. The new LTE 700 band supports 800 MHz in capacity as 
they have similar features thus carrier aggregation is not yet specified. Carrier aggrega-
tion for L700/800 setup would most likely create interference because of the bandwidth 
allocation. [6]. 
2.4 Air Interface 
The air interface Evolved Universal Terrestrial Radio Access (E-UTRA) is the radio in-
terface part of 3rd Generation Partnership Project (3GPP). 
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Long Term Evolution uses orthogonal frequency division multiplex (OFDM) modulation 
offering very resilient spectrum. Channel is divided into multiple parallel subcarriers mod-
ulated with a conventional digital modulation scheme. LTE offers OFDM for downlink, 
but uplink has chosen to go with SC-FDMA. [7, pp. 249-251]. 
2.4.1 OFDM transmission 
Channel bandwidth chosen for LTE are 1.4, 3, 5, 10, 15 and 20 MHz having spacing for 
subcarriers at 1.5 kHz. To provide necessary orthogonality, calculation gives 66.67 mi-
crosecond symbol time if dividing 1/15 kHz. Cyclic prefix is added to the end to take care 
of inter-symbol interference (ISI), increasing the length of the symbol. Dynamic Fre-
quency allocation (DFCA) controls the interference increasing the spectral efficiency. 
The allocation applies intelligence to the process when allocating the most suitable chan-
nel. Interference controlling is achieved with the use of cyclic frequency hopping and 
intersite synchronization. The idea is to select the best available channel evaluating the 
incoming and outgoing interference in order to supply the best possible channel. [8]. 
Orthogonality allows more subcarriers per bandwidth increasing spectral efficiency and 
peak rate. [9].  
Figure 2. Orthogonal frequency division multiplex [10]. 
Each subcarrier consists two slots both having length of 0.5ms and the number of sub-
carriers depending on the channel bandwidth used. Figure 2 points out channel partition 
and overlapping subcarriers. To prevent symbol overlapping, a guard interval must be 
added at the beginning of every orthogonal symbol. Modulation enables subcarriers to 
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carry data and if the modulation symbol length is one per subcarrier spacing then the 
signals are orthogonal. Guard interval subcarriers are not modulated. Data on the net-
work and cell is carried using different control channels that are determining the propa-
gation channel response with the assist of reference symbols. Disadvantages of orthog-
onal frequency modulation includes two main problems that increases costs, size and 
power consumption. As the number of subcarriers grows the time-domain signal allows 
high peaks to create distortion. Distortion causes regrowth for the spectral in the adjacent 
channels. High peak-to-average ratio (PAPR) forms functionalities to amplifiers though 
modified amplifiers increases total costs at the end. The second major problem with or-
thogonal modulation comes from spacing. Stringent spacing of subcarriers creates a 
second main disadvantage of OFDM. Defective synchronization forms imperfection in 
orthogonality which occurs in frequency errors. Any frequency error in the receiver starts 
to interfere other subcarriers symbols. Phase noise in the received signal creates inter 
symbol interference (ISI) on both sides of the subcarriers.  
OFDM has been extended with multiple access using time, frequency or coding separa-
tion. OFDMA stands for orthogonal frequency-division multiple access which assigns 
multiple sub channels to different users. Although OFDM has a few major disadvantages 
it still uses the spectrum efficiently providing resilient integrity in LTE. [10]. 
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2.4.2 SC-FDMA transmission 
Single-carrier FDMA known as a hybrid modulation scheme combining low peak-to-av-
erage ratio single-carrier and OFDM. LTE uses single-carrier modulation for uplink di-
rection and OFDMA for downlink. The reason for this is that end user devices cannot 
handle the high peak-to-average ratio without significantly increasing battery wear. [11]. 
Figure 3. Illustration of SC-FDMA transmission [12]. 
As the figure 3 shows SC-FDMA divides the transmission bandwidth into multiple side-
by-side subcarriers upholding the orthogonality of the subcarriers by the inclusion of the 
cyclic prefix as a guard interval. Orthogonal frequency-division multiple access assigns 
data symbols directly to subcarriers. SC-FDMA each assigned signal is a linear combi-
nation of modulated data symbols which are transmitted at the same time. Figure 4 
shows eight symbol sequences. As data is sent across subcarriers, each symbol trans-
mits only a piece from the whole transmission. Fast Fourier transform (FFT) establishes 
the orthogonality of the subcarriers. Single-carrier modulation scheme is intended for the 
access and is based on OFDMA technology. One of the main reasons for the usage of 
this scheme is the battery consumption. In the end user side, devices battery wear would 
affect substantially to user experience. As the antenna on the UE side wears the battery 
life the most. As a conclusion, this should be optimized to operate in as efficient way as 
possible. [13, pp. 6-7]. 
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2.4.3 Frequency-division duplexing 
Frequency-division duplexing (FDD) is a method for generating a full-duplex link mean-
ing that transmitter and receiver can operate at different communication channels. FDD 
has an advantage in efficiency making radio network planning easier as it uses separate 
sub channels to transmit and receive data over network. FDD requires guard band be-
tween a transmitter and receiver to avoid interference in transmissions. 
Figure 4. FDD transmission method [14]. 
Figure 4 demonstrates transmission directions of two links, uplink and downlink which 
are separated by the offset of the frequency. FDD requires synchronization and guard 
intervals between base stations nearby. Transmitting and receiving data at the same 
time rises network complexity and reduces bandwidth allocation. Different channel 
modes create duplex mismatch and channels starts to operate inefficiently interfering the 
whole network. [15]. 
2.4.4 Time-division duplexing 
Time-division duplexing (TDD) separates downlink and uplink signals. Transmitter and 
receiver uses same frequency sharing the channel on a time interval both having asym-
metrical data rates. TDD splits the data stream into frames using different time slots for 
downlink and uplink transmission. TDD interferes more between neighbor base stations 
as frequency is separated on time interval. Disadvantages of time-division duplexing are 
higher deployment costs as it supports shorter distances compared to frequency-division 
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duplexing. Also, if time synchronization is not stringent it creates a possibility to interfer-
ence and network transmission failure between base station and user equipment. [16]. 
2.4.5 MIMO 
Multiple Input Multiple Output (MIMO) is a method in LTE to improve the throughput and 
system data rates. The basic idea of MIMO is to implement multiple antennas which 
sends multiple independent data streams over the same channel. To successfully trans-
mit MIMO transmission signals, the receiver has to determine the channel impulse re-
sponse from each antenna transmitting. 2x2 MIMO configuration consist a total of four 
channel impulse responses. Spatial Multiplexing allows transmitting independent data 
streams using multiple different antennas offering additional data capacity. This tech-
nique is only used for shared channel and only intended for UEs that meets very good 
signal conditions. If the channel experiences average signal strength, then single-stream 
operation is used. Transmitting multiple data streams over a shared channel is feasible 
only if the streams are independent between the transmitter and receiver. Theoretically 
transmitted data quantity can be multiplied by the amount of antenna pairs, practically 
this operation causes loss when signals interferes each other. If the interference between 
two signals gets too powerful then the modulation has to be lowered.  
Release 10 brought new schemes for MIMO technology. In previous releases multiple 
transmit antennas were not supported on the UE sides because of the battery wear con-
cern. [17]. 
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2.4.6 Link Adaptation 
Link Adaptation (LA) increases the spectral efficiency by rendering different service lay-
ers. Channel Quality Indicator (CQI) contains quality information of the channel sent by 
the User Equipment (UE) to the eNodeB. When UE has reported the CQI value, then 
eNodeB determines the Modulation and Coding Scheme (MCS) which chooses the cor-
rect modulation and transport block size (TBS). 
Figure 5. 4-bit CQI table [18]. 
In Long Term Evolution there are 15 different CQI index values as the Figure 5 points 
out. The number of Resource Blocks (RB) and Modulation and Coding Scheme (MCS) 
needs to be taken into consideration for each CQI index value. If this is done incorrectly 
the resource allocations will fail for each User Equipment (UE). [19]. 
2.5 Carrier Aggregation 
3GPP Release 10, brought the possibility to increase data rates at the end user side 
while supporting up to five carriers with up to 100 MHz of spectrum. Carrier Aggregation 
enabled the possibility to improve the performance of the transmission speeds and to 
utilize the fragmented spectrum. This method aggregates multiple carriers to enable 
wider transmission bandwidths. An individual carrier is referred as a Component carrier 
(CC). 
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Figure 6. Carrier Aggregation aggregates up to 20MHz carriers [20]. 
As the figure 6 expresses, five possible 20 MHz Component carriers are combined into 
one aggregated data pipe that can offer up to 100 MHz in total. Spectrum allocation 
restricts even broader bandwidth as operators do not have enough spectrum to aggre-
gate. Carriers used in CA can be in different bands and are supported by the Frequency-
division duplexing (FDD) and Time-division duplexing (TDD) methods ensuring higher 
throughput in end user terminals. In FDD transmission, uplink (UL) Component carriers’ 
number has to be equal or lower than the amount of downlink (DL) while TDD has the 
same number of CCs for DL and UL use. 
Aggregation arrangements can be deployed either contiguous or non-contiguous. Intra-
band CA means that multiple separated Component carriers are operating within the 
same band. Intra-band non-contiguous is basically the same as contiguous but differs in 
spacing. Non-contiguous intra-band has a gap or gaps in between while contiguous does 
not. The last arrangement is inter-band non-contiguous where Component carriers are 
in different operating frequencies. Inter-band CA combines CCs that are spread over 
multiple different bands. [21]. 
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3 Field Measurements 
Field measurements considered mobility testing in a certain area where LTE 700 Fre-
quency was part of the network. The main goal was to give perspective of the network 
performance and handover processes. Testing equipment’s consisted of two Android 
smart phones and an analyzing software which draw all the graphs used in this chapter. 
Figure 7. The field measurement route map. 
The map points out frequencies in different colors while the white dot indicates the start-
ing point in the analyzer software. In dark green section operator had Carrier Aggregation 
enabled, meaning that in this case 800 MHz and 1800 MHz were aggregated into one 
data pipe ensuring higher throughput to end user. Five different mobility cases were 
measured and are analyzed in the following paragraphs.  
3.1 Analyzing field measurements 
This section takes a closer look at the analyzer results which consisted of five different 
mobility cases. The main goal was to analyze the mobility between different radio net-
work technologies and frequencies. Overall the network operated as it should, and LTE 
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700 MHz did not point out any major problems when integrated into multilayer radio net-
work.  The following paragraphs explains what leads to these cell reselections or hand-
overs and what should take into note when deliberating the results. 
3.1.1 Case 1: Inter System Cell Reselection 
Reselection between LTE and UMTS occurs when UE moves from LTE network to en-
tirely different radio network i.e. Universal Mobile Telecommunications System (UMTS) 
in idle mode. Taking a deeper look at the map (Figure 7) and deliberating the process 
between the first cell reselection procedures. The measuring devices are connected to 
700 MHz band at starting point having the Reference Signal Received Power (RSRP) 
between -80 and -90 dBm while Reference Signal Received Quality (RSRQ) was -10 dB. 
RSRP means the power of the LTE signal while RSRQ displays the quality of the re-
ceived signal. Received Signal Code Power (RSCP) represents the received power in 
UMTS network side. This is used as an indicator showing the signal strength at 3G. 
Figure 8. Inter-RAT. 
As the Figure 8 represents the signal power started to fade and before reselection trig-
gered from LTE to UMTS network, the power of the signal was below -110 dBm while 
the signal quality varied around -6 dB. At this point UMTS network had significantly better 
quality and power of the signal as it was -85 dBm. From the parameterization point of 
view, it was a good time to trigger the handover process in order to acquire stable con-
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nection to the UEs. As known, the previous technology 3G has generally lower through-
put to end user than LTE does. This occasion indicates that it was advisable to make the 
reselection even if terminal speeds decreased due to low RSRP. 
3.1.2 Case 2: Absolute priority based inter system reselection 
The second case was based on absolute priority reselection meaning that the devices 
moved from UMTS to LTE 800 MHz network following the priority chart. The target 
eNodeB had 800 MHz deployed and UEs were connected to UMTS 900 MHz. Generally, 
when RSCP level decreases to a certain point the UE starts to measure the network 
again, seeking new possible base stations. As the network signal power or quality drops 
below a certain point the User Equipment relocates. 
Figure 9. Absolute priority based inter system reselection. 
Figure 9 represents the RSRP and RSCP levels, RRC state for LTE/UMTS and band. In 
this scenario UMTS 900 MHz is the serving, having RSCP around -70 dBm and target 
LTE RSRP starts from -80 dBm. While the UEs drops from connected to idle mode the 
reselection starts. If the mobile devices would have been in connected mode, then this 
procedure would be handover. As the figure indicates the transition occurred in idle mode 
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and this is why it is called as reselection. When the UEs had made the measurements 
regarding to signal power levels before and sent the information to the eNodeB then it 
was permissible to perform the reselection based on absolute priority. 
3.1.3 Case 3: LTE Reselection 
In case number three, devices moved between two different LTE frequencies, meaning 
the UEs moved from LTE 800 MHz band to 800+1800 MHz CA setup. This area differs 
a lot compared to previous sections if looking at the throughput chart and received signal 
power. 
Figure 10. Throughput in LTE 800 MHz and below 800+1800 MHz CA. 
As mentioned in previous chapter, Carrier Aggregation (CA) enables higher throughput 
combining multiple carriers into one data pipe ensuring higher data rates. In Figure 10 
the upper box points out throughput in Mbps for 800 MHz setup and the lower presents 
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800 + 1800 MHz CA setup. The serving base station had 800 and 1800 MHz CA de-
ployed and as the figure points out, the throughput varied between 70 and 100 Mbps. 
This enabled significantly better downlink speeds on average than before. 
Figure 11. RSRP levels while moving between frequencies. 
As throughput is not the ruling operator in the handover process, field tests signal meas-
urements needed to be investigated more. Figure 11 shows that the received signal 
power (RSRP) decreased from -92 dBm to -110 dBm while UEs moved from LTE 800 
MHz band to 800+1800 setup. The reason for this reselection process was the downlink 
bandwidth size and absolute priority procedure. The UE started to measure the network 
in a certain point when RSRP levels dropped to a specific level. As this indicates, the 
reason for the reselection was not purely based on signal power levels rather checking 
the absolute priority order. As 1800 MHz is considered better than 800 MHz in the priority 
table, the eNodeB made the reselection based on this. 
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3.1.4 Case 4: Inter-Frequency handover 
The first “real” handover procedure occurred in this section. The UEs moved from LTE 
1800 MHz CA setup to LTE 800 MHz network. This part differs in RRC state conditions 
as both of the UEs were in connected mode when moving towards the new serving cell. 
This means that Inter-Frequency handover occurred and the UEs moved between two 
different eNodeBs. 
Figure 12. Inter-Frequency handover. 
As the Figure 12 shows the RSRP levels decreased significantly below -110 dBm while 
UEs were connected to 1800 MHz network. Both measuring devices measured the net-
work RSRP levels to be around -112 dBm and sent the results to the eNodeB while the 
network signal power levels were decreasing at the same time. This section is consid-
ered as a pure RSRP based handover. As the Figure illustrates the target eNodeB had 
significantly better RSRP level and it was desirable to perform the inter-Frequency hand-
over. 
3.1.5 Case 5: LTE Reselection and Absolute Priority 
The last considerable case consisted of reselection procedure having as the serving cell 
LTE 800 MHz and the target 700 MHz. The main goal was to point out how the lately 
released LTE 700 MHz frequency worked as a backup for the 800 MHz band and how 
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absolute priority functions. Previous paragraphs explain how reselection occurs between 
different radio network technologies and how “real” handover happens if considering 
Reference Signal Received Power (RSRP). This scenario was also based on RSRP and 
absolute priority chart, but the goal was to relocate the UEs to the LTE 700 MHz network. 
Figure 13.  Cell reselection between 800 MHz and 700 MHz. 
Figure 13 points out the RSRP level, RRC state and serving band. If taking a closer look 
at the graph, the RSRP level dropped significantly from -85 dBm to below -100 dBm 
meaning that the power of the signal was not increasing in any way. As the target cell 
had LTE 700 MHz setup the parameterization had a test configuration enabled preferring 
devices with the support of LTE 700 MHz band. In this case both of the measuring de-
vices were able to process 700 MHz and absolute priority chart determined the UEs to 
connect to the 700 MHz network instead of 800 MHz band. In absolute priority chart the 
wider the bandwidth the upper the band goes but there was an exception with 700 and 
800 MHz as the 700 MHz band is above 800 MHz. The same site had both 800 MHz and 
700 MHz bands deployed but the parameterization was currently pushing devices to the 
700 MHz band. The reason for this was to balance the network load on this particular 
site and allow higher throughput to end users and at the same time testing the mobility 
between 800 MHZ and 700 MHz bands. 
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3.2 Base Station Energy Efficiency 
In Finland a base station rarely need any cooling systems if radio modules are placed 
outdoors. Though macro cell using low frequency radios increases the energy consump-
tion if used lower bandwidths than the maximum 20MHz in LTE. [22 pp. 13]. Results in 
this measurement are gathered from a macro site which is a high-power cell site such 
as tower or mast. The base station capacity load plays a significant role in energy con-
sumption and load balancing. 
Figure 14. Base station average load on daily basis [22 pp. 15]. 
Energy consumption during the day varies even if there is low load level. Horizontal plane 
metric shows time in hours and vertical metric shows the load of a base station cell in 
percentages. As the picture presents, cell load is balanced correctly, and the cell is not 
too overloaded at any time. Although the picture represents an example it still gives basic 
overview about base stations energy efficiency. 
LTE cells cannot be shut down entirely because the quality of service would decrease 
significantly. Power saving methods can be implemented using different kind of manage-
ment software’s where singular cells could be shut down. Outside rush hours traffic, cell 
activity could be terminated for couple of hours lowering the total energy consumption. 
Shutting down entire cells could lead into disadvantages in the long run and fault repair-
ing could lead into increased maintenance costs thus lowering the effectiveness of the 
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energy consumption activities. Although power savings might lead into problems, devel-
oping management software’s and investing in environmental causes might increase the 
ability to provide advantageous networks. The measurement made for this thesis did not 
take any note on energy consumption, but it is still wise to point out. [22 pp. 13-15]. 
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4 Summary of Measurements 
The necessity for the measurement was deliberated before actually starting the pro-
cess, so the whole field test was based on a short documentation created beforehand. 
The operator had the need to test and analyze the network mobility and throughput be-
tween different frequencies and network technologies and that is why the field meas-
urement was made. The area was measured by driving a certain route with a car. 
Measuring equipment’s consisted two different Android smart phones and an analyzing 
software which draw all the graphics for this thesis. 
 
The main goal was to try the mobility between Long Term Evolution (LTE) 700 MHz, 
800 MHz and Universal Mobile Telecommunications System (UMTS) 900 MHz fre-
quencies. As the field measurement in previous chapter unwrapped the analyzing re-
sults and prove that hardly any problems occurred it was time to make a conclusion 
that the mobility between different frequencies and radio network technologies worked 
as it should. 
 
Measurement results are quite exact as the area was tested with two smart phones 
multiple times and the whole route two times. After taking a look at the analyzing soft-
ware the end results had hardly any deviations. 
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5 Conclusion 
The goal of this thesis was to test and analyze the mobility of multilayer radio network 
integrated with lately released 700 MHz frequency. The thesis was based on a short 
documentation and a field measurement made in a certain area. The measurements 
pointed out that the mobility did function properly, and the User Equipment’s were able 
to transfer between base stations flawlessly. 
 
As seen in field measurement graphs, the throughput decreased and increased in spe-
cific points. The reason for this lies under the idea to keep all the User Equipment’s 
(UE) connected to the network at all times. As a conclusion into this the reason for the 
lower throughput after a cell reselection is adequate. 
 
As a conclusion, the lately released 700 MHz frequency did not bring any extra value to 
the Long-Term Evolution network but it does work as a backup offering a bit more cov-
erage. Mobility between different radio access technologies functioned properly and the 
analyzing software did not indicate any major problems with the network. In the future 
narrowband 700 MHz frequency could be released from LTE network and be integrated 
into the new 5G network. 
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